
D
ISC

L
A

IM
E

R
 

T
his report w

as prepared as an account of w
ork si»nsored by an agency of the U

nited States 
G

overnm
ent. 

N
either the U

nited States G
overnm

ent nor any agency thereof, nor any of their 
em

ployees, m
akes any w

arranty, express or im
plied, or assum

es any legal liability or responsi
bility for the accuracy, com

pleteness, or usefulness of any inform
ation, apparatus, product, or 

process disclosed, or represents that its use w
ould not infringe privately ow

ned rights. R
efer

ence herein to any specific com
m

ercial product, process, or service by trade nam
e, tradem

ark, 
m

anufacturer, or otherw
ise does not necessarily constitute or im

ply its endorsem
ent, recom


m

endation, or favoring by the U
nited States G

overnm
ent or any agency thereof. T

he view
s 

and opinions of authors expressed herein do not necessarily state or reflect those of the 
U

nited States G
overnm

ent or any agency thereof. 

s 

N
 

-^ 
«> 

4^ 
O

 
-H

 

»^ 
^ o 

m
 

3
* 

P, m
 

m
 n 

H
 

ft 
m

 

o
 

> 
•H

 

a, 

o
 

m
 m

 

g 

00 
O

N
 

o
 

o
 

o
 

•X
} 

0) 
Si 

,£5 
3 

a «» 

Q
 

o
 

O
 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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ABSTRACT 

This report describes a version of the lEIPED/P computer 
code that is very useful for small data sets. A new 
algorithm for determining the Kolmogorov-Smirnov (KS) 
statistics is used to extend program applicability. 

The TERPED/P code facilitates the analysis of experimen
tal data and assists the user in determining its proba
bility distribution function. Graphical and numerical 
tests are performed interactively in accordance with the 
user's assumption of normally or log-normally distributed 
data. Statistical analysis options include computation 
of the chi-square statistic and the IS one-sample test 
statistic and the corresponding significance levels. 
Cumulative probability plots ©f the user's data are gen
erated either via a local graphics terminal, a local line 
printer ©r character-oriented terminal, or a remote 
high-resolution graphics device such as the FR80 film 
plotter or the Calcomp paper plotter. 

Several useful computer methodologies suffer from limita
tions of their implementations of the KS nonparametric 
test. This test is one of the more powerful analysis 
tools for examining the validity of an assumption about 
the probability distribution of a set ©f data. IS algo
rithms are found in other analysis codes, including the 
Statistical Analysis Subroutine (SAS) package and earlier 
versions of MIPED. The inability of these algorithas to 
generate significance levels for sample sizes less than 
50 has limited their usefulness. The release of the 
TEIFED code described herein contains algorithms t© allow 
computation of the KS statistic and significance level 
for data sets of, if the user wishes, as few as three 
points. Values computed for the KS statistic are within 
3% of the correct value for all data set sizes. 



1. MttODUCTION 

This report describes a modification of the TERPED/P code having 

significantly improved analytical capability. Applicability of the code 

t© small data sets is extended considerably over earlier versions of the 
1 2 code and over SAS or IMSL codes. 

TERPED/P is a version of the TEMPED interactive statistical 

analysis and plotting program with modifications to provide for 

printer-plotter output of graphical data. lEIPED/P (Glandon and Fields, 

1981) and its predecessors, TEKPED (Fields, 1981) and IBDPED (Fields, 

Little and Shaeffer, 1980), were designed to assist in determining 

whether a set @f data may be considered to be normally or log-noraally 

distributed by performing various numerical and graphical tests. 

Knowledge of the nature of the probability distribution is useful for 

the evaluation and assessment of environmental standards and impacts, 

interpretation of the output of mathematical models (Fields and Glandon, 

1981) and interpretation of environmental radiation data. 

All three programs were designed to operate in an interactive mode. 

TEDPED required a graphics terminal for output of the graphical 

analysis. lEMPED generated plot data sets through the use of DISSPLA^ 

subroutines which could be viewed on the graphics terminal or routed to 

a high-resolution plotter, such as a Calcomp or F180 film plotter. 

TERPED/P, with its printer-plotter subroutines, provided a fora of 

graphical output which is independent of the DISSPLA routines not acces

sible to many users. 

H e TEEPED/P code provided for the evaluation of Kolmogorov-Smirnov 

(KS) one sample goodness-of-fit test. IMSL subroutines were used to 

perform the test, but the IMSL routines give valid results only when 

N2.80, where N is the sample size. However, many data sets of interest 

1. Software distributed by SAS Institute, Inc. 

2. Software distributed by ISSCO (Integrated Software Systems 
Corporation). 

3. Software distributed by International Mathematical and Statistical 
Libraries, Inc. 
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have fewer than 80 data points. The purpose of the modifications 

described herein is to overcome the N>.80 constraint. 

The present version of lElPED/P provides the user with a numerical 

and graphical description of a set of data related to an assimption of 

either normal or log-normal distribution. The plots produced, either 

high resolution or printer-plotter, are of linearized cumulative proba

bility with a fitted line showing how well the set of data fits the 

assumed distribution. Various statistical parameters are computed and 

optional tests generate the IS and the chi-squared statistics. Data can 

be input by hand or from a disk file. The code is written in FORTlAN-10 

for execution on a DEC SYSTEM-iO computer. Typical CPU execution time 

for a data set with a value of 50 ©r fewer is 0.32 s, exclusive of plot

ting time. The size ©f the code is approximately 1600 card images. 

TEIPED/P may be useful even to SAS users. While both provide 

printer-plots, SAS cannot produce high resolution plots. For the 

Kolmogorov-Smirnov tests (KS test), SAS requires N250 for valid results. 

Also, SAS is designed for batch processing while TERFEB/P is designed 

for a file oriented, time-sharing environment. 

The TERPED/P code is a useful tool for determining data statistics. 

However, code users must recognize their responsibility t© collect data 

with insight and interpret results with judgment. 
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2. PROGRAM STRUCTURE 

Th® original version of TElPED/P used the IMSL subroutines NKSl and 

MDSMR to perform the KS test. NISI calculated the value of the statis

tic, while MDSMR computed significance levels based on that statistic. 

Our modifications to TERPED/P involved the replacement of these two 

IMSL routines with three subroutines of our own writing and the expan

sion of an already existing block data subprogram. The new subroutines 

are called NKS, NGT80 and NLE80. NKS corresponds to the IMSL routine 

NKSl and calculates the KS statistic. NGT80 corresponds to MDSMl and 

computes significance levels when N>80, using asymptotic relations due 

to Smirnov (Smirnov, 1948). NLE80 has no corresponding IMSL subroutine 

and its purpose is to compute significance levels when N<.80 by means of 

a previously developed algorithm (Kurtz and Fields, 1983). The algo

rithm involves the interpolations of adjacent entries in a table of 

probabilities computed from Kolmogorov's formulas by Birnbaum (Birnbaum, 

1952), which has been placed in the block data subprogram. 

In addition to those subprogram modifications, a number of struc

tural modifications were made throughout the code so that the new sub

routines would fit in properly and smoothly. 

The flow of program control has changed very little fr©m that of 

the original TERPED/P code. The only change is that rather than NKSl 

calling MDSm only, NIS will call either NGT80 ®r NLE80. NKS is called 

in the same manner as NKSl. 

This version the lERPED/P program consists of 25 subprograns and a 

number of other subroutines that comprise part of the DISSPLA graphics 

package. The program structure is shown in Fig. 1. Provision has been 

made for two methods of data entry. Statistics are output to the com

puter terminal as they are computed. Graphical outputs are user select

able and consist of a printer-plotter and a high-resolution plotter. 

A FORTRAN listing of TERPED/P is included In Appendix C. The Main 

Program structures flow of control. It also accepts some control infor

mation and performs intermediate calculations for computing the correla

tion between input data and the corresponding hypothetical distribution. 
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MAIN 

DSINP 

*| DSORD I 

DSPROB 

• dsmPL 

• ICSICU 

ICSB/U 

GFIT T 
TODFI — 

BLKK DATA 

ERF 

NKS HZ 
NGT80 

• IBFIT ;NLE8O! 

DSNORM 

DSCOR 
- ALSO 

UERTST 

PRNCON 

DSPLOT 

- LINPLT 

• PWPLT 

LffiPLT -* 

Cal l s t o var ious DISSPLA s i fcrout ines wm 

Figure 1. Program structure of the revised TERPED/P 

code. 
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Subroutine DSINP prompts the user to input program control informa

tion and data. Data can be entered directly into the program by using 

the terminal keyboard or can be read fron a file that has been stored on 

disk. The file must be named "FORxx.DAT" where xx is between 07 and 63, 

inclusively. The sample run in Appendix A documents use of a data file. 

The data are ranked according to magnitude by subroutine DSORD. 

Subroutine DSPROB computes a cumulative probability for each data value. 

It also performs a cubic spline fit to a table of error function argu

ments stored in the BLOCK DATA subprogram to compute the corresponding 

linearized cumulative probability. Subroutine ICSICU* and ICSEVU* are 

called by DSPROB to determine the spline coefficients near the data 

point and to evaluate the linearized probability, respectively. 

Subroutine DSANAL performs preli«inary data analysis and if the 

user has called for a chi-squared test or KS test, calls GFIT* or NKS, 

respectively. GFIT uses subroutine MDCDFI* to compute the probability 

for rejection of the null hypothesis and in turn calls ERF* to compute 

the value of the error function. M S invokes either NLE80 or NGT80. the 

selection being based on the sample size. NLE80 computes the signifi

cance level if there are 80 or fewer data points and NGT80 computes the 

significance level if there are more than 80 points. Both GFIT and NKS 

use subroutine PSNORM which is the theoretical probability distribution 

function against which the data is tested. All of the IMSL subroutines 
* 

call subroutine UERTST which generates and prints warning and error 

messages which are listed in Table 1. 

Subroutine DSFIT performs a linear least-squares fit to the data 

points. Subroutine ALSQ (Westley and Watts, 1970), which determines the 

coefficients of the fit, is called by DSFIT. 

Pearson's correlation coefficient between data points and 

corresponding points along the linear least-squares fit gives a measure 

of the validity of normal or lognormal hypothesis. The correlation 

coefficient is calculated by subroutine DSCOR, but is printed by the 

main program. 

Software written by International Math and Statistical Libraries, 
Inc., Houston, Texas. 



Table 1. List of error •®ss«g®s geaerated by TERKD/P 

Message CoiBBStit s 

A) Namber of points ««nnot ®ses®d 300 

B) IiiYalid lEpmt; try igain 

C) Error from ICSICU, from DSPROB: 
Data Point J. mM.=I 

TESFEB arrays are dim®nsion®d to aeeept np to 300 
data points. Tbe user must rsdinsnsiom for data 
sets greater t&an iOO points. 

Th® user ga^t tm inappropriate response to the 
prmpt nessage. 

Evalaation of whsther tli® emfeic spline eoeffislents 
mbomt th* Jth data point has hsttn snooessful. For 
NX=miaber of points, less 1, and for IC=row dimension 
splin® soeffisient natrixj 
ERR=ia9 indieates IC < (NX-1). 
raK«130 indisatas NX < 2. 
ERK=131 ladieate® data points ineorrectly ordered. 

For an evaluation of the severity of these errors, 
see E). 

D) Error fro« ISCEfU, DSPROP; 
Data Point J, MR=1 

E) "a'lMSLCDEBTST)*®® 
(Warning type) Name 

EvalBation of th® liaeariied probability for the Jth 
data point has been usaeeessfml. 
En-33 indieates the ealcnlated abseissa 

of the enbie spline is less than 
the Binlmiia abscissa represented 
in the data. 

EHR=34 indieates the ealemlated abseissa 
of the embic spline is greater than 
the aasinua abioissa represented in 
the data. 

For eoaments on the severity of these errors, 
see E). 

(Warning type) is eith®. "warnifflg." "warming with 
fix," "terminal" error, or "momdef ined." N A « 
identifies tie snbroatime in whleh th® error wis 
generated. Ihis message gepplenents C) and D). 
The value of E is eonputed, given I defined as in 
C) and D), as follows: 
I=I-i-32 (warning) 
=1+64 (warning with fix) 
==1+128 (terminal error). 



Subroutine PRNCON initializes a matrix containing printer-plotter 

information and calls subroutine LINPLOT to plot data according to a 

normal hypothesis or subroutine LOGPLT. which plots data when the log-

normal hypothesis has been selected. PRNCON, LINPLT, and LOGPLT use 

subroutine NORM to normalize data according to use input scaling values. 

Subroutine PBNPLT outputs the plot to the user-specified device. The 

'F' character represents the fitted point, the 'D' character represents 

a data point, and a '*' represents fit and data point coincidence. 

Subroutine DSPLOT plots in the input data and the results of the 

linear least-squares fit on a user-defined ordinate with a cumulative 

probability-derived abscissa. The plot is high quality/resolution and 

can be routed to a Calcomp paper plotter or Ft80 film plotter. DSPLOT 

uses several DISSPLA subroutines. 
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3. DISCISSION OF CODE USAGE 

The enhancements to TERPED/P result in no significant changes in 

code usage from the original version. All data input is the same and 

the output differs only when the sample contains fewer than 80 data 

points. In the case of the smaller sample sets no warning message is 

printed as in the original version. 

lEEPED/P is interactive and produces many prompting messages which 

the user should find self-explanatory. Although the sample size warning 

is no longer applicable, the code generates a number of other warning 

and error messages, some of which are abbreviated. Hese messages are 

summarized in Table 1. 

Appendix A contains the computer-user dialog for a complete run of 

the TERPED/P program. In the sample dialog shown in this Appendix, the 

user first assigns his terminal the device number 6 by executing the 

command "ASS TH 6." He then begins execution of the program and pro

vides access to various plotting utilities with the command "EX 

TEIPED.P, ^ SYS:DISK)P." The SYS:DISPOP portion of the command peraits 

linkage to DISSPLA subroutines. The user then employs the code to 

analyze a set of data. First, a normal hypothesis is selected with a 

Kolmogorov-Smirnov goodness-of-fit test. Next, a printer plot is gen

erated to visually check the data and a high-resolution compressed pl®t 

data set is generated. The user may then restart the code and select 

the lognormal hypothesis. A printer plot is then generated for a visual 

check and finally a compressed plot data set may be generated. H e user 

then exits the code and checks the file directory for the plot data file 

(extension .WP). A text summary of the plot is generated concurrently 

with the plot data set and is automatically sent to a line printer. The 

disk file may be deleted after exiting of the program. 
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APPMDIX A: SAMPLE lUN 

Shown here i s a sample run genera ted us ing a Decwriter I I I computer 

t e r m i n a l . The terminal was used to genera te the p r i n t e r - p l o t graph 

included in t h i s appendix. The terminal was ass igned I/O device 6 and 

the da ta se t to be analyzed, s to red in f i l e F0I59.DAT, was accessed 

using number 59 . 

ASS TTY 6 
rTY6 d i : i j i J i i e " J 

.EX TERPED»eSYS}UISPOP 
LlUhi Loddxn^ 
CLNRXCT TERPED ejsecutionJ 

CODE IFRPED/P^ VERSION 6/83 

LINEAR OR LOG-NORMAL ANALYSIS? (3 CHAR) 
LJN 
PERFORM kSL TEST' (YES OR NO) 
YES 

Mm HOW ABOUT A CHI SQUARED TEST'? CYES OR NO) 
YES 
INPUT TITLE OF PLOT^UP TO 19 CHAR* 

EN2YHE LEVEL 
EXP* DATA INPUTJHAND INPUT OR FILE? <4 CHAR) 
FILE 
ENTER INPUT FILE NUMBER 
43 
ENTER KiUMBER OF DATA POINTS TO BE USED 4 
(IF NUHBER •-. Of ALL POINTS USED FOR FILE INPUT) 

0 
BATA INPUT COMPLETE J ANALYSIS STARTED* 
NiJHBER OF POINTS ••- 21 
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PRIWT ORDERED DATA (YES OR NO)? 
YES 

J 
1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

VALUE 
0.240E-04 
0*780E-04 
0*920E-"04 
0»940E-04 
0*130E-03 
0.180E-03 
0*2lOE-03 
0*270E-03 
0*290E-03 
0.410E-03 
0*430E-03 
0,460E-03 
0*480E-03 
0*770E-03 
0*780E~03 
0*970E-03 
0*990E-03 
0*110E--02 
0*210E-02 
0*300E~02 
0*390E-02 

PROS 
0*0294 
0*0765 
0*1235 
0*1706 
0*2176 
0*2647 
0*3118 
0*3588 
0*4059 
0*4529 
0*5000 
0*5471 
0*5941 
0*6412 
0*6882 
0,7353 
0*7824 
0.8294 
0*8765 
0*9235 
0*9706 

DATA HAS BEEM RANK ORDERED 

LIN NORMAL ANALYSIS! 
MEAN = 7*980E~04 AMD S*D* =l*016E-03 

INPUT NO* OF CELLS FOR CHI SQUARED TEST (INTEGER) 
4 
BEGIN GFIT 
CHI SQUARED STATISTIC === 8*5238 
NULL HYPOTHESIS MOULD BE REJECTED AT 0*004 LEVEL 
BEBIN KSL TEST 

D = 0*2408 AT A SIGNIFICANCE LEVEL OF 0*1508 

BEGIN LEAST SQUARES DATA FIT* 

COEFFICIENTS OF FIT ARE 0*885E-03 0*798E-03 
CORRELATION BETWEEN DATA AND FIT IS R= 0*840 

ENTER H TO GENERATE PLOT DATA SETi L FOR PRINTER PLOT* 
R FOR RESTART» E FOR EXIT* 
L 

ENTER Y-AXIS LABEL (20 CHARACTERS MAXIMUM) 
I*U*/LITER 
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ENTER NUMBER OF COLUMNS FOR PLOT (60 OR 120) 
120 

ENTER OUTPUT DEVICE (TTY» DSKr OR LPT) 
TTY 

ENTER Y-AXIS ORIGIN 

BETWEEN -1E8 AND 1E8 
.00002 

ENTER Y-AXIS STEP SIZE (UNITS/5 LINES OF PLOT, 
60 LINES OF PLOT) 
*00035 

ENTER H TO GENERATE PLOT DATA SET» L FOR PRINTER PLOTr 
R FOR RESTARTf E FOR EXIT, 
R 

CODE TERPED/P» VERSION 6/83 

LINEAR OR LOe-NORMAL ANALYSIS? (3 CHAR) 
LOO 
PERFORM KSL TEST? (YES OR NO) 
YES 
AND HOy ABOUT A CHI SQUARED TEST? (YES OR NO) 
NO 
INFiUT TITLE OF PLOT^UP TO 19 CHAR. 
ENZYHE 
EXP. DATA INPUT:HAND INPUT OR FILE? (4 CHAR) 
FILE 
ENTER INPUT FILE NUMBER 
43 
ENTER NUMBER OF DATA POINTS TO BE USED. 
(IF MUMBER = Of ALL POINTS USED FOR FILE INPUT) 

0 
DATA INPUT COMPLETE; ANALYSIS STARTED. 
NUMBER OF POINTS = 21 
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PRINT ORDERED DATA (YES OR NO)? 
YES 

J VALUE PROB 

1 -0.106E+02 0.0294 
2 -0.946E+01 0.0765 
3 -0«929E+01 0.1235 
4 -0.927E+01 0.1706 
5 -0.895E+01 0.2176 
6 -0.8A2E+01 0.2647 
7 -0.847E+0i 0.3118 
8 -O.822E+0i 0.3588 
9 -O*815E+0l 0.4059 
10 -0.780E+01 0.4529 
11 -0.775E+0i 0.5000 
12 -0.768E+0i 0.5471 
13 -0.764E+01 0.5941 
14 -0.717E+01 0.6412 
15 -0.716E+01 0.6S82 
16 -0#694E+0i 0.7353 
17 -0.692E+01 0.7824 
18 -0.681E+01 0.8294 
19 -•0.617E+01 0.8765 
20 -0.581E+01 0.9235 
2i -0.555E+01 0.9706 

DATA HAS BEEN RANK ORDERED 

L06 NORMAL ANALYSIS} 
MEAN = -7.831E+00 AND S.D. -1.2S4Ei00 
MOST PROBABLE VALUE = 7.636E-05 
MEDIAN VALUE = 3.971E--04 
MEAN VALUE -== 9.056E-04 
99Z QUANTILE = 7.871E-03 
BEGIN KSL TEST 

D = 0.1040 AT A SIGNIFICANCE LEVEL OF 0.9355 

BE6IN LEAST SQUARES DATA FIT. 

COEFFICIENTS OF FIT ARE 0.132E+01-0.783E+01 
CORRELATION BETyEEN DATA AND FIT IS R̂== 0.980 

ENTER H TO GENERATE PLOT DATA SET» L FOR PRINTER PLOTs. 
R FOR RESTART* E FOR EXIT. 
E • 

STOP 

END OF EXECUTION 
CPU TIMEI 3.27 ELAPSED TIMEI 11:3.32 
EXIT 
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APPENDIX B: INPUT DATA USED FOl SAMPLE RUN 

These data were accessed as file F0143.DAT, 

,000270 .000970 

.000460 ,000094 

.000410 .000430 

.000092 .000130 

.002100 .001100 

,003900 .000780 

.003000 ,000210 

,000770 .000290 

.000024 .000990 

.000480 .000078 





APPENDIX C: FORTKAN-10 LISTING OF THE TEIPED/P CODE. 
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U ( I ) I S I C S E 120 
S | I ) = I {C ( J , 3 ) t ^ D + C ( J , 2 ) ) *D+C ( J , 1) ) * D * Y ( J ) I C S E 1 2 5 
WHS^E X(C) . I E . U ( I ) . L T . X ( J + 1) ANI I C S E 1 3 0 
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1*"̂ Ĵ6'» C I F ? = 12S^ IC IS L33S THi3N ^X-1a I C S I 165 
^ ' ' 4 ' ' ' ' C I F " = 1 3 3 , sx 13 LESS lilk'i 2. I C S I 170 
n£^B3 c IFF = 1 3 1 , INPUT AB3CIS3?i A^E HOT CIDEBED I C S I 175 
1 W 9 i C SG THST I { 1 ) , L T , 1 ( 2 ) , , . tLT^ X |M1) . I C S I 180 
lAnnr, r ^3SCISIC3J - ST aCIT/DOOEIE I C S I 185 
1 3 3 1 <•» z ?3C3^ I'l*^! : G U T I ! I F 3 - U i l l S T I C S I ISO 
1332-* C LWIG3AGE - FC-TTJIi I C S I 1S5 
l - r ^ - , f̂  _ _ . . „ _ _ . . _ . _ _ _ . . . . » _ . _ ^ . _ „ _ _ - » _ . . _ _ - . _ . _ . . _ - _ _ ™ ™ ™ . „ » . ^ - _ _ « . . _ j ; C S I 200 
13541 3 LA'^'^SI B - V I ^ I C ^ - J 3 I 1 2 S 1S "1« I C S I 2il5 
1*'3 5'> C i C S I 2111 
1'^3D ' C I C S I 215 
11373 DT^333 :C3 X J3i£) , f (KX) , £ ThT (4) ^ C | I C^ 3) I C S I 22ll 
l ^ ' ^S ' 3 3C33L3 - '^ ' i ; : T3IC N ? " A ; ,C ,3X , DX^ , EXJ? 1 . D I " ^ D I J , D¥3? 1, H i L f ,C1.E, F J , I C S I 225 
1^' '9^ C 1 3 I X , ? I X : , T M C ^ X , f , ¥ r 3 A , Y ? ? 3 , a E S C I C S I 2Jl l 
n e ^ c * 3nn i¥M„53C3 { 3 x j , y ? 3 3 ) , c j ^ r i x i ) , ( D X J ? I , Y 3 ? A ) I C S I 235 
I'^'^l ^ 7 2'~C= K ' I C S I 2m 
136?'^ HALF = , 5 I C S I 2#5 
1 V3r t 3*^3=1, I C S I 254 
^''fH^ '^W0=2. I C S I 255 
1 "iCS.) 3 IX=C. I C S I 261) 
1^Cfi c CHECF E : ' - 3 ^ C G J S D I T I C K S I C S I 265 
1AST>> I - t : = » I C S I 27« 
1''6H«« " ' S * ! = KJ-1 I C S I 2 7 5 
1"^^^^' I F ( I C L T . ^ ' X - ' l ) T- IC i ' I C S I 289 
137^.J 35 (3X, LT32) ; C i 3 74 I C S I 2 8 5 
1^"1 ' I F ( 3 i ( . r ' i , 2 ) 3C ?•- 2M I C S I 290 
1'72"' C CC?-TJTI C i r F F l C I 3 i T S SSD ^IGfi l I C S I 2S5 
1'»7j1 c llIiKC 3ID3 CF 1113 T2I3IAGCH&L I C S I 3|ld 
1 •'tt^. C S I £ I 3 ' 1 33f 1 3 1 3 3 THE SICC^ID I C S I 3 0 5 



1 3 7 5 3 
1 3 7 6 3 
1A7 7.** 
1<«73«» 
1*^70 '> 
1 aq ir< 
1 ^3 1 3 
133 2'^ 
1 3q 3»» 

nqaa 
1 -.R 5 -
1 V.-]f 1 
1 1 . ] 7 1 

n 3 8 ' 
1 i%i]Q^,^ 

1 "̂ T \u 
110 1 -s 
1 VJ7 3 
1 ''9 3'' ' 

ma^ 1 135 1 
^^j<4fr'' 
1^9 7-1 
1 39ff3 
•j -^qn ii 

I I I V l 
1 n 1 ' 
11 > 2 "̂  
11,13 1 
1 n ! i i 
11 ) 5 > 
11-H "> 
1 l a ? 1 
11 v^^.i 
1 n 9 3 
111n f. 
1111.1 

c 
3 
r̂  

c 
r 

3 
3 
C 

c 
c 
c 
3 
3 

C 
o 

DXJ = ;C ( 2 ) - X { 1 ) 
I F ( D X J , L 3 , Z r - C | 53 TC 8' ' 
" Y J = y t 2 ) - Y ( 1 ) 
3 r 

I n 

2*^ C ( 

c ( 
I F 
DC 

3'^ 

n J = 2 , N X 3 1 
D X J : 1 = x ( j + i ) -J ( J ) 
TF (DXJ^- 1 . I S . Z 3 -C) GC :C 
3 Y J 3 1 = 1 ( J+ 1) -Y ( J ) 
DX? = 3 X 3 t 3 y . j p l 
C ( 3 , 1) = 3 X 3 3 1 / 3 3 3 
3 ( 3 , 1 = C 3 - - C ( 3 , 1 ) 
C ( J , ? ) = 3 : X » ' ( D \ J 3 1 / 3 X J 3 1 
3X31 = r > ( 3 - 1 
3 Y J = D I 3 3 1 
C0N""T\ '33 

1, 1) = - F - j r f i ) %i!\LF 
1 , 2 ) = B?AF ( 2 ) * ' L a L F 

( ' 3 X . 3 0 . 2 ) 3 3 TC ti'» 
3^ J = 2 , \ ' X 3 J 
? J = C ( 3 , 2 ) < C ( 3 - 1 , 1 ) *T\IC 
C ( J . I ) = - C ( J , ^/^J 
C ( 3 , 2 ) = {C ( J , - ' | - C I J , 2 ) * C 
CO N'^ 13 3 3 

F i : i V A T I ¥ 3 3 o r TH'? 
TKIFfPCLAi^IT FCr JX 
C ( C , 1) = LAMBDA ( J ) 
C ( 3 , 2 ) = ^ U ( 3 ) 
C ( ^ , 3 ) = D ( J ) 

8.^ 

- E Y 3 / D X J ) / 3 X 3 

F A C I C . 3 K 3 T - i D I 4 G 
AKt SOLVE F0 3 U 
C ( 3 , 2 ) = 3 ( 3 ) 
C ( C , 1 ) = 3 ( 3 ) 

3 T I I M 3 

A) 

CKAI lATct lX 

ET ?F (1) = LA'!bDA (1) 
F " ? ? (2) = D ( 1 ) 
F T ? ? (3) - Tl{^'l) 
E l l - ( 4 | = D(SX) 

{ J - 1 , 2 ) ) / ? J 

S C ! ¥ S F O i COBIC CC 
CF S r L I N 3 INTEFPOi, 

E F B I C I Z H T S 
AKI 

I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 

3W 
3 1 5 
3 2 1 
3 2 5 
3 31) 
3 3 5 
34.1 
3 * 5 
35^} 
3 5 5 
3 6 P 
3 6 5 
3 7y 
3 7 5 
3ei» 
3 8 5 
39tl 
3 9 5 
it 0.1 

ms 
ma 
4 1 5 
4 2 0 
# 2 5 
i|3ft 
4 3 5 

nm 
HU5 
4 5i» 
4 5 5 
4 6 0 
£465 
H7i» 
t | 7 5 
USD 
1J85 

nm) 



1112-» C C { 3 , 1 ) , C ( J ^ 2 ) , AND C ( J , 3) 
11133 43 Y?3B = {B3 \F ( 4 ) - 3 3 AT. ( J | *C (MX^ 1 , 2) ) / (D3 Af (3) *C (11X11, 1)+TIIC) 
i m I f i l l = C 3 i / S I X 
1 1 1 5 ' 30 5^ I = 1 , F X ^ 1 
1116<l J = NX-I 
11170 YT.r<» = 3 {J , 1 ) * Y - t B + C ( 3 , 2 ) 
1118'^ DX = X : J + 1 ) - X ( J ) 
11193 C( .1^3 | = S I X I * ( f ?33 -YE 3A) /CX 
112'''-3 C { J , 2 ) = I f . IF^YiTA 
1121*' C M , 1 ) = ( I ( J + l ) - I ( J | ) / 3 X - (C | J , 2 ) ^ C ( J , 3 | * D X ) * D I 
11223 i-spn = Yr?h 
112 3 1 3'" CCi,ZIS'lZ 
112i4n - c T*" 1^^ 
11250 f-3 lET = 12° 
112€^* GC TC 93 
1127 3 7a I T : = 13^ 
11283 3G TC 03 
112 9 " 8"̂  I F " = 131 I C S I sea S 
11313 93 CC3TIN3Z 
1131"* C?LL 3 3 ' T3T {IZ-^6HICSICC) 
1132r 1 -̂ r. •- vi^: jj 
113 33 3K3 
I 134* 53^= >Cn3I''JZ LINf IT ( I f l C : , ¥ C . G ^ Y £ l E r , 3 a . 3 1 , I C C L , I M I ' , £ ) 
11353 3IMS*iSICN IFL3 '" (6 1 , 1 22 ) , T AT !1 (2^ 3̂ *̂ -'') , 3 (2 ) 
1 1 1 f 3 DATA X L A T A / « 3 » / , K 3 I I / « F « / , F C O F / « * V 
11371 I30 r^=12 , ' » -YS tS -
11383 XNCFI^f, 
1139'* X r ' G = - 3 , 
iia**'"^ DC 1^ i = i , T ' r -
11413 CALL 3G?«C?AF-1 ( 1 , 1 ) ,YC^ 1^61 , YiCF!"., li-CW) 
1142''' CALI 30" 1 ("»?.-'1 ( 2 , 1 ) , XC'̂ G , ICC U X H C M , I C O i m ) 
114 3 "» ICOLUt = TCrLn"!4-1 
1144»"» I P ( I ' ^ l i » L T , 1. C"o I-Cii^G'- .D 1) GCTG 1'» 
1145^ I*^ {ICCL0«.3T,2 .C- ' . . I C C i r . l . G I , 122) 30 TO 13 
I I '4 6 '• I'^LC T ( i* '^ w, i r o izj :i) = K E \ T : 
114 7''' 1*1 CC!I'"I!I33 
nUBA DC 3"^ i^'^ff" 

I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
I C S I 
L INt 
I l i p 
I l i p 
LINF 
L I S f 
l lSfc 
LIMP 
LIM? 
LINP 
L i l t 
I l S i 
I l i E 
LINf 
L I M 
I I N F 

4 55 
sew 
5ll5 
510 
5 1 5 
5211 
525 
5 311 
5 3 5 
540 
545 
550 
555 
56# 
5 6 5 
57<l 
5 7 5 
5e« 
585 
59a 
5 9 5 
f>m 

§ 
5 

10 
15 
21} 
25 
30 
35 
40 
45 
50 
55 
60 
fc5 
It} 



eo 

(*Ji 
sit 
nil. 
s»t 
mi 
S5 
05 
58 
(18 
SI 
0£. 
S9 
#9 
SS 
lis 
SfJ 
yl7 
S£ 
{»£ 
57 
03 
St 
fl 
S 
0 
wCt 
521 
§̂1. 
SU 
Pit 
sot 
11 fU 
56 
06 
S8 
08 
S£ 

1901 
3D31 
aDOl 
«901 
3 SOI 
1301 
3D01 
2331 
53D1 
2031 
3 931 
5901 
ISO! 
3S31 
dSOT 
3031 
5 931 
iSOI 
3931 
2DDI 
dPOl 
2SD1 
5931 
5031 
3S01 

mn 2ill 
2ill 
isn 
i%lJ 
dsn 
iMIl 
5SI1 
aan 
iSIl 
JMIl 
5Mn 

{KfllODl'K30SX'l33r*S£OXMl*fH.i-"idU.' «0:i 1TS3 v I uSin 
ie Ou, 33 ytbt 

Kd0x33 f2^I.C = ZLl) 31 v£bt 

i+331==,II i'lyi 
*)l 03 C3 (l J*33^a3SI*QMl n'33'MOTll 31 i4nH 

(d-ll* 3Id.l) + f!3ai = f'3 .1 ^6£l 
{ftOaiM'illf 01¥'d!Ia.l'3tiI0'AX33 4)&^T0K 3 1¥3 | 8£l 

(1'l ] * i''i3=AihIY VLLI 
ifP 31 33 ilY^Z'I'D" iZ'ilk '"ic) IZ a^tl, 
i-£ 33 3D (.IIR2 '31 Ml^'t] i. 3¥c' 31 *'&£i 

a.Ml'k^T ^£ 00 rt,£l 
31: Oi li (3a*33%') 11 i.i££l 

MIkZ=3?J30 1*2 £1 
Cl* C'cl* 231¥} + C9L31) D33^=X^PZ 'jli-i 

333A3I'L = 1 j£ 33 »»|£l 
C£J3A) toi^ = hiwz ir,9L 
333X31/ 3=>-2I3r nb9i 

i = K (£i)t 
t'=3al t>99l 

• ^ = *,'3kX ., bil 
*t-=353A t nyi 

/i*./»33aV,i ,/lI33V,G,/-*^¥ail ¥iia r£ii 
C3)eMi .e^2l i4^¥3MZZi ^l9)i01>.I K3I3M3kIQ -^291 

(l3ai*g'dSI*k-I1c'n3X3I^£I3A^1313 3} a.l3f 33 ^3133 0:33 S 3 L91 
Gli3 ^ uil 

N ^r33 i u6«:i 
Lllhl 7333 t£ I Sal 

.33M= (X33't+I-)iu3..I oi t.'£i3l 
tC J- 3D iHSl 

11.^3= (X.i:''i+»J I33£I I'^Cil 
*,3 33 3D Cl'IfaM-Ji* CX3i*|.+i-]l33„,l) 31 i.-l7bl 

3£ 03 33 (c:2l ^33*XJI':3'?^3I "v^iJ .jj ,,£c^i 
i+X4I=XiI l^Z^l 

(XJI%'i3:iX*133l'Di3X ^\iX] 1-^:3 33 i3 „-l&|. 
(i) 3/KC) H-Ai/J =AaX lI'Gi 

3331+ C'i j/ Ik _331*1' ) ) =hdl 36tl 



1 8 6 3 TCni.y M=1CCLU3+1 ICGE 1 2 5 
11?/"" IT ( I 3 0 ! 3 * 4 » 3 7 , 2 . A K D . I C C I O S . I E , 1 2 2 ) GC TC 2'*« LOG! 13*1 
18B'> 3C TO 33 I C 3 5 1 3 5 
1 3 9 3 2"^ I P L ^ T { i r 3 « , TCCL3 3 ) = & D A r ^ LOG? 14ll 
19-vi 3 3 3 C 3 T I 3 1 I ? LOGF 1 4 5 
1 9 1 3 4 3 'i=Z LCGP 15tl 
192 3 3 0 6 * K = 1 , i : i 3 ? ICGE 1 5 5 
1o>^ T Y F ¥ ^ E + ( T T 1 3 ' " * ( L - 1 ) } LOGF 1 6 0 
1 9 4 ^ I F ¥ = { ( ' Y F f ' ^ A I C G ( 1 3 , 1 ) / I T I I F ) + A L 3 G (¥OFG) LC3E 1 6 5 
l-^S*'* y F ? = ( f F l ' - P ( 2 ) ) / 3 (1) LOGE ITU 
19C'^ '^ALI N0~ *•! ( X r ¥ , X C G , I C C I , X !CF !%IXF V| LOGF 1 7 5 
1 9 7 3 IXT'-'¥=TXF¥ + 1 ICGE 1811 
1<^'33 I F ( I X F V . I T . 2 , C , T X F ¥ , G T , 122) GC '•'0 b-) I C G f 1 8 5 
I"* '? ' i (T ' -LCI ( I Y ? ¥ , T X F ¥ ) . 3 C - K I A I A ) 3C TO 53 LCGF 1 St| 

1 2 ^ 3 ' ! I T L 3 T ( I Y F ¥ , : X F ¥ ) = K F I T LCGE 1 9 5 
2** I''* Gl TC 3*' LCGI- 2 0 « 
2 3 2 ^ 5 3 TTLG*" {TVF¥, TXF¥) =KCCF LCG5 2 0 5 
2 '»33 6 I CC^TI^U!-^ LCGF 2 1 0 2 

! 2 H ^ 2 1 1 3 = 7 ^ ' , ^ LCG? 2 1 5 
' 2 i 3 i * 7 3 C C K : : 3 3 3 L C G £ 22<l 
2^6^' ^ZTU*-w LCGE 2 2 5 
2 > 7 ^ lA- i i ^ F f . « . 5 T ( / » T'^-C 1 3 LC ; ILLT 10"* ? A I I Z A I J 0 3 :*A? AHETH6S* | LOG? 2 3 « 
2 ^ 8 3 ^ '10 £CGE 2 J 5 

i2' ' '9"' 3 i i E ' c n i i M r p^DroFi [cs,}>,<:,rsz) MDCD a 
• 2 1 1 ^ C MDCD 5 
711 ••̂  3 - ^ . 3 C D F : — 3 - - - L I B B A F Y 1 _ _ - - - - _ - . — _ - - ™ - . - . _ - . - - _ - _ - . _ _ | . E C D 1 ( | 

^7Ui' c a o c c 15 
2 1 3 ^ 3 Ff|3C""If";3 - C H I - ' ' W 3 A F F E TTOBABILITY D I 3 T ? I B 0 T I C ! i FTJ iCTIOi aCCC 21^ 
21*43 c CGAGF - C A I l ^.DCDFI f C S , ! ; , 3 , 1 2 3 ) 8DCD 2 5 

1 2 1 = ' 3 ?: ,- ' « E T ^ - CS - I N I L T ¥ 1 1 0 1 FIC.'l rfHICf-^ TH3 ISTEGP ^ T I O I . I S eCC£ 3 3 
2 1 6 ^ C T I F F C r ' I I ' : . CS S'lOULP NOT BF LESS Tfl&H ZEBO, EDGE 35 

121"'" ' C X - i s p c i D I G ' FFS CF F ; 3 ' ' 3 C 3 , IICT L 3 S 3 THAM CMEs MDCD 4i» 
!213'"^' 3 Q - . ^ " L E S F T L I I i CF - X 3 3 3 3 I H G C S . MECE 4 5 
219-'» C TBI ~ EFFCf T A ^ A ^ I T i S , HDCD 5*1 

122''̂ < C T3^31I3AL EI " C : = 1284-N. MECE 5 5 
2 2 1 ' ^ C N = 1 I N C I C f i l F S THAT CS 0 5 S |DF) I S CUT CF MECi; 6*1 
2'>2 I 3 F P S J E ^ 5QCD b 5 



%i^Z 
SttZ 

onz ££Z 
P£Z 

szz 
322 
SI? 
UI 
S02 

mz 
S5l 
1161 
S9t 

mi Sll 
Oil 
S9l 

« Ml 
•« sst 

OS I 
S^l 
I'frl. 

set 
ftet 
est 
ost 
sit 
«jit 
SIH 
©01 
S6 
1)6 
S8 
0B 
S£ 
ft£ 

3DaB 
Q3CIK 
33a« 
333M 
aDGM 
ODGK 
3D3H 
QDCIB 

laae ODQh 
ODGK 
loau 
ODGi 
aD3H 
IDSH 
QDQB 
33aM 
ai3M 
a3a«j 
33aK 
a33H 
a3aa 
33ai 
a Daw 
SDGi 
a33M 
aaai 
33aa 
3308 
aDQH 
3D3H 
331H 
aaai 
333i-
QDaH 
aaaR 
3331 

t'S 31. 33 (ax'31 "/J il ut' 
C¥i 0330 = ^ 

G3|)3591^?5?t?Sr jeZ£3 \' = 3 (i-*03'33j JI 
Gl V = 3 

IS 33 3D Ciu* ''i£t 'Zl ^\} al 
uCs'=3 fl''C3'3l) al 

CL-3] >. 3t,'=CJ i>£ 
z aaaisa^sik 'IIOKCOJ 33H3:cri33- isi 

}£ 03 03 Cc^i3'««J 31 ,n 
(«533J3a3-n = S Cc ' C l" 33'" 3FU) il 

i«l'=3 
f^ll*.33C=CC3a 

«H J3 33 U 'ak '3IJ JI 
"I = JG MDJ D = S iSS 'aC3 31 .\ il 

•S = iJ 1105 5 = S 113 *KlhS SI 21 il 
i=3 

Cl-I £XSa = l ({jGa"t£l '3i*¥J^aK¥MC2'I3^N) '^0' Cru3*33) J ) JT 
L = 3- te* Cc/*) ^33^,1 31 

'303?313 MI 
(H) r3Ci33I 30 £33 ''iUG !43AI 1,33 

1=31 

£3*iab^= I 
t8 31 33 (Cl "n 'H) ^iOMf''e«31'L3} J il 

SS*3M?i 3fj3KI S3I[i3 
(Z-3'H-^) o «sl^3- 3I3I33kT 

LLSl 'I li\.hklC -aOZ^lhZi lS33tl 

'il-ltJd - Z3inf3l'3 
isi-ian - 3t3iwf J: 33ki 'aOji 
313033 - .013133.: 

3 

3 

3 
3 

3 

3 
3 
3 
3 
3 
3 
3 

L^hZl 
I bSZl 
t£S?t 
.9a?l 
t'Sfigl 
t>r9Ll 
t£9ri 
» 2331 
I tb3t 
UUbZl 
l>6t!^t 
ubftZi 
t^£t7Zt 
i9fT2l 
jSfZl 
i^HtiCi 
ifftZl 
l>3tZt 
t lust 
1 wt3i 
vo£^l 
k'fee^i 
jLiZl 
i 9 ez I 
iStSl 
'»tl 12 I 
3£IS1 
3ct^i 
t ttZl 
IH'CSI 
lecci 
V 9 ?S I 
C'LZZl 
^ <»23l 
t S 22 I 
t l]c3l 
i i ZZI 



12630 
1 26 1 '̂  
1?e2C 
126 3 1 
1264*^ 
12^*^3 
126b3 
12C7f 
12633 
1 2 6 9 ^ 
1273-
12713 
12^2^ 
12'^3 •' 
12"?4 » 
127 5'̂ ' 
1275 ^ 
1277 3 
127SA 
127 9 ^ 
12303 
1 2 3 n 
1232.J 
123 3 ' ' 
1234'^ 
12»5'^ 
123^3 
1 23 7 "• 
12333 
128 9. ' 
I 20 v» 
1291«t 
12^2 'i 
129 3 ) 
12° 4 " 
12953 
12Q6A 

C 
C 
C 
c 
C 
C 
c 
C 

^ = 3 1 0 - ? (?) 4-3 
f ' • G = C * 3 - A - 3 
I F (A:.G, ^ T . - l " ^ <»'^D'') S =DEX- (ATG )•!-S 
Z = Z 4 - 1 , D 3 
GC TO 4'" 

I F ( A . 3 0 . n ^) 5G TC 7''* 
I F ( I E , F 3 = . t ) 3-i '^, 5f 4 1 8 S 5 £ 3 5 4 7 7 5 £ E ^ / D 3 a A 

€>* E = E*A/'Z 
I ' ' ( C , Z 0 » ' ^ + 3) 10 T3 7'"̂  
C=C + 3 
Z=Z + 1 ."^ 
I ' ^ ( 7 . 1 3 . XT) 3C '"C 6... 

7 1 C5 = C^Y4-3 

AC TE' '=12<" 
9 3 C 0 N T : 3 3 " 

C^LL 3 3 T3 ' " ( I T , M 3 C D F I « ) 
133 z-j:ir'i 

5im¥GT'ZllZ NK3 ( ? D F , X ,N , CI., P L P F 5 ) 

1 3 1 " 3 3 P : C U T I 3 r HAS EFTS Ki ITTZM K I : H T ! I S A 3 S D ' ! r T I 3 N 
I ' m ? I I C " - ' ^ ! D T S I " l E O I T C f I £ IC 33 3 ¥ A I 0 A T 3 C . 
I F AN3THFF T Y 3 " CF 3 1 3 3 1 I E 3 T I C S I S TC BE U S i 3 
T H ' T i LINES CF rODE ."UoT B3 CI!?NG33. I H S ¥ A"" H 

1 ^.i X3 = X K + ^ . 2 3 "^v - 3 M C ¥ 2 I h l S L I K E • * 
2^.5 ^•^F1 = ( X 3 - 1 , 3 7 5 ) / X l * * CflA-^GF TO * * 3DF 1= | X J - 1 ) / X M 
3^.^ F ^ F " > = ( X l - 3 , - ' 7 5 ) /XK * • CIIAIJG3 TG * * CDF2=XI/XM 

T 3 3 ~ T \ L T 7 3 ¥ a T T A B I ' ^ 3 
DI'^.33 3 I C 3 X (N) 
3DF1 = .», 
3 r f 2 = ' \ 

aocD 
MBCD 
MBCC 
HDCD 
HCCD 
MDCC 
MDCD 
fiDCD 
MDCD 
IDCD 
MCCC 
MDCD 
HDCD 
flCCB 
MDCB 
HDCD 
MCCE 
HDCD 
HBCE 
HDCB 
MDCD 

255 
2fcU 
2fc5 
270 
2 7 5 
2bi) 
2 8 5 
290 
295 
300 
3IJ5 
31ft 
315 
32IJ 
3 2 5 
3 3(J 
335 
3413 
345 
35« 
355 



t *l> = Siia t £££l 
i(>H'^llS^l'S'iZU-.nSZ' ilii*Z]C\I 3Cfcik33 *»2e£l 

i&'Z'<iOi:'l\lStCiiZlk 3MIIfi3«,ailS utfcl'l 
3 C'i IT I 

L-blii 
Gu3 C'b2£i 

11/IIII: i'£cTi 
23333-n==?Hdl% u9 i'9 2ei 

('^'23'33^/Sa5^blOil Hi 3 -ib iS2£l 
i'i 313 3 l't?2£t 

(S'2dOsi''&G; I eilN 11% 3 i£2£l 
tb SIOGCI B^33*'>l)3I l'2 2£l 

EKITn3"3Q3 iIIlI5S33.3„ Tll-3 Gl'i¥ 3£3Jii3 3 tl.2t"l 
Ct? 3^3t Ck*3£«l} ,11 iH*2El 

I=r tblCi 
t Z 0-3t (.K_l^l] al t»bl£L 

1+1=1 i£iei. 
PC 01 Z3IK£'3HI3 ^'tt 33 i^lillZ ZTi%'s.TZ 'ilXZ iS^l ?3i 3 !>9itl 

j^ XEiSHTl 5031 J3 iII3£: i3I£ QS". Sa3-.un33 a.!i3k333f»I 3 i'Siiei 
«« ((2iJT-3)£,a¥' (UC3-3] Caa^fiC) iX-cK¥=.ta titil£i 

33K3IEI'i:3 ACSIXV'K *.ZN 533 3I^£333 3 t>£L£t 
(•i' (i) 1] r:.. iic3 t.2iti 

3X/(9££ °» -IX] --^233 3 ^U£l 
kX/CS4.£ 'L -rx) =1333 ':i-l£l 

MOlF.n aSl 3A3aY kOi^ SSIillli'MJiI 3AT^l*inkn3 3:1331.33 3 i<6f£l 
r=rx fbii'i 
I = IX i-r; i-'£l'£l 

•. t CI J 3 'sQtei 
iU .3„3i (3'3^n]dl 3St.£| 

i+I = I flit I 
t..ts 333t'( it + IiX 3-.1MI) X]i I Ce t-£i;£i 

SEOl^A 3I\0 331^ a3ii 33333 3 ^2C£l 
:=r I'c l;le£l 
(. = I -.H it fC ̂ 

Cc't+.'^X=.*X <'3l €6621 
!. = yx L'fa 32 I 

'O=3G f£62l 



1 1 3 4 ' ' 
1^1 5'» 
133 6- ' 
1 3 3 7 ^ 
113:5^ 
113 9 » 
1 34 1 > 
1 34 1 .* 
1 34 2" ' 
1 3 4 3 ^ 
1 344'•^ 
1 3 4 5 ^ 
1 1U3^^ 
1 3 4 7 3 
nuq."^< 
1 ? 4 9 » 
133 "̂  i 
1331 :> 
1 •::?r2A 

1 3 3 3 ' l 
1 3 5 4 I 

1 3 ^ i " » 

1 3 5 6 ^ 
1 ^~7 , 
i 3 3a>) 
1 i r , Q > 

136 3 1 
1 3^ 1 -, 
1 3 6 2 ' ^ 
13C.3 
1 ^ f 4 - ' 
1 3h5** 
136<- ' i 
1 3^ 7 • 
13hB ^ 
13-50.. 

C 
w 

s 
13 

3 

3f^ 

C 
4 3 

C 
j ^ 

/̂  
C 
-̂  

•~ 

c 
3 

1 37'»«» 

X3=!i 
' 1 3 3 V A I " 3 S 0 3 EACli S I D E CF STAT, E X P F 3 S S I B I 3 AS C / f l , 
. ^ " " 3 r 1 3 A3 I K T E G F ; 

3 C 1 ' T = ^ , 3 
XT = I 
3 T F = X T / X 3 
I F ( S ' ^ : . T , L ' " . r i F S ) ^a TO 5 
I ? ( S T \ ' " s L ? , 3 I F ) G 0 ~ ^ 21 
D T F 3 = 3 I P 
: 3 A ¥ ^ = 1 
T S \ ¥ E 1 = T S ' ¥E*- 1 

AcrEr3-; 3 : O F A B : I I T T F S F F C I E I C C K 3 A T A 

I F ( ISA ¥ 3 . 3 3 . ^ ) 3CT>"' 33 
^ i r w = XK5(T<'^A¥3,S) 
'̂  r;iG:i = XKS ( I S ' V^A , K] 

" IC •; = . . 
"!:iGIl=^Xr:3 ( I S A V ' ^ 1 , 3 ) 

T N I 3 " " C I A T E "' 3 5 A P I I I T I E S 
H A C = {ST'.": -DTF 3 ) / ( D T F - D I E S ) 
'• '•CD2 = '^LC.. 4- ( P l I G H - ' - I C W ) *F M C 

3ND 

s o B r r y i ! ; " SG?'? M ' S : A T , £ I C B 2 , K ) 

MGlo^ Y T ' ^ L ^ S TIF' F'^CEAPILT'^Y FCF a 2 - S I D E D K - S l E S T 

FCT' : "H^ W " : 9 h ' : " 3 C T S I T S T I C i i i C " ! I liF 0 F I 3 I F A L 
S " A T I F : I C 3 3 3 3 N a 3E TK3 S A ? E I 3 317 .3 H 

X3=3 
7 = J 1 - ' " - ' 33 : (X") 

Z J 3 = Z1 7 
3 3 L X ' ' F C . K I L ' - F t §J.D r C ? ! ' " l T £ '̂  iOl A B I L I T Y , 
r s \ 3 5 3 Ci; ^ A I S T CI w l I ^ l i l E ! : E ' f . T I G T l C 

'•.21 < 7 
T r ( 7 , ^ , : . s '^2) ; t T 3 i i 

00 



HSTClk'l'9il^3)0lI I 
C »i.t5 It'?} dil ^l» 

iS 33 33 C»WSa» *3!r3l] JI 
3 9 J3 U 3 

c-=A3QI 

ft 31 3 3 (1 i3if ^JK'Gil 31 
31 (i i'itl *9J QtdZ 

{iit;it.*S)33Ius4 
l»l 01 3F Ic 9*3in33I *Ji.^'32i'33'103lJ il 

3331 (vuf wl ^9)a^J-
ILV'S' I * i)3II.M 

(l7n=l' Cl)y¥llM} Ct.fUl 'gJaiii^ 
(/atC I '9) 3u.I-K 

/. i/H13MVi + ,/3IliVi %/aiw.3MV,*»/..iI£S Il^G 
(fll 311-11* (2J ?' (lH'£ ^2J k3¥3Mt?J dfliM' (221 ^19J 13131 M3T3M3gia 

(llIIl'3alXI^cMl'2'l-.t I'J il03kl-i; 3.«I^03;H1J3 
QKi 

i ifi 3i. a 
t + (:39**»3 rj.^ A 1=3 3.. I 

k J 33"i / a'^K 3: 3 =M3>. 'd 
wZISI* '3M%a=i3^i3':d 

MIDI-.3- IIEG-=<.,3';1.C 

CS03T*k !03¥ 'iZI3l'^%I3IiU'%ita! y TOM wKT^FOiSLS 
Ctii 

R dfl i,3 i 

A=ZlQuC 
3 > Si'£ 

^ r 3y. 33 
f {r^32*^tt-J cXS+ C53Z*'3-J 3X3- (1S3**2-) uX^} * '•2-H=2&3-3 

StH > Z > tg%j 
tc 033i (at *t'-3*25 il 

if? 3333 
(0SZ/3.££r/»i-} uXE^(z/b2i»^tl. *2/ =23 0 1 = 

12 0I3t: (ib'^i'33'3] JI 

t'B%. > ^ > 22'V 
lt< 033 3 

' . = 2S0ji 

if 

a£ 

v2 

ut 

l>ti 

v£ 

i Z 

vi 
3 

t'£ltli 
t9tTlt 
i»Sltit 

^sfJifsl 
e£it. t 
t-2l't, 1, 
t Uiil 
CittTl 
l»6 6£l 
i & jt I 
i*t Q£ I 

•*96£t 
liotl 
tti6£l 
1 £b£t 
J2 6£l 
yi6El 
Ol 6ei 
. obtl 
t89£l 
i£fcei 
39Btl 
C'3B£t 
t't?tei 
3e8£L 
y2 8f I 
lH8£l 
ttb£t 
36££l 
',>b££t 
3££ti 
e9££l 
u5££l 
^ti£tl 

.£££ 1. 
J2££L 
i l£ei 

S£ 
•l£ 
S9 
P9 
S5 
US 
St? 
on 
S£ 
Itt 
S2 
02 
51 
PI 
S 
0 
§e 
S2 
02 
SI 
CI 
s 
0 

aMS2 
3MF2 
3i3a 
3SH2 
3 sad 
DKia 
3S23 
3Sja 
3KSJ 
3Mad 
Diaa 
DHSa 
3Haf 
3MSd 
3iH2 
3M'I3 
UiO'i 
UtQU 
Kg ON 
il3a 
K331 
»a3M 
kHOM 



1413'^ IF ( I 3 I S K , L 1 , 7 . C 3 , I D I S K . G T ^ 5 3 ) GC TC 4tl 
14190 C -̂̂ M ( 0 ! ; T T = I D I S K , D E ¥ I C 3 = ' 3 S K « , A C C F £ S = » SFIOOOT^) 
141dD I 3 5 ¥ = I 3 I S K 
14113 GC TC 6 ' ' 
14121 5ft I F (TC,W3,»LPTM "^ '̂ C 2<] 
14130 IEE¥ = 3 
14143 c rSN tOKIT = 3^DE¥ICE='L:-T ',ACCS££=^SSQCOT ' ) 
1415'3 6«3 3 ^ 8 ) 3 = 1 , 6 1 
i m g O I '3LCT(T,1) = »̂ 
' 4 1 7 3 DO 7^ 3=2„IC0L4-? 
14183 TTL*^" (T^ J | =K3LK 
14193 It CCN71WZ 
142"^!^ 8«l C03T 1^313 
1 4 2 m DC 91 3 = 2^ICCL + 2 
14223 I T L C : (1^3) ='<3TA ' 
1423<) I-'LCT (61 ^J)=KSTAB 
1424»1 93 C03TISU3 
14253 DC 11'' 1 = 2^ f^ l i l l C 165 «̂  
14263 I3L'"T (T,2)=KST A^ ""••" '" ' ° 
1427) I ' ' L C T ( T ^ I C C I + 2 ) =KSTA" 
14283 DO 1-̂ 1 J=7^ iCGI-3 ,== 
14293 ITL'-"^ (T ,3 ) = K J^T3 
14333 13'* 3CMTIM33 
1431'^ U^^ C3NT133E 
14323 I F ( I I Y r F . M I , 1) 9C TC 1'O 
14333 12Ci fr3-ITrjf,1 533) 
1434rt i ^ T T 3 ( 6 , 1 1 6 3 . l ) 
143 5>^ - FAD (6,1 '^" '"•"») YG'-G 
14363 I F (YG G . L T . - 1 ' ^ 3 , C - . Y C ' 3 , G T . 1E8) GC T3 123 
14373 ^ r l T F ( t ^ l 13s|/|) 
14383 V I T ^ f C ^ I 13«)l) 
1439'^ 'f"3AD (̂ ".̂  l'̂ '̂ '" '̂̂ ) ¥ 3 1 3 ' 
144 1A ^ r 13^ I = U € 1 , 5 
14413 T 'LCT (1^2) ="^313 
144 23 13^ CCMT3U3 
14433 CALL LT N?LT (I 3LCT , YCFG ^ YSTTT, T S f E ^ ICOL, IM?^ B) 
14443 CALL '̂  N-^L? ( I3LCT, IT Y^F,YC'-G,ICSClF^Y3r3«-" ,TITlS^ Kf L A B ^ I D i ¥ , I C O L | 
1 4453 ' v'2r\-r- f| 

PB«C 
FHNC 
E8SC 
FESC 
13 NC 
EEIC 
lEMC 
Ef IC 
FESC 
lEiC 
PFHC 
¥FJ(C 
PBHC 
PENC 
EIHC 
EESC 
FEMC 
lillC 
EINC 
I ESC 
FltiC 
FINC 
PBSC 
PP.HC 
EEHC 
FHMC 
?EiC 
FEMC 
FBNC 
EBNC 
PBiC 
?BMC 
EBiC 
PBNC 
FEHC 
FBNC 
?ilC 
PEiC 

80 
85 
90 
95 

tm 
ni5 
11a 
115 
12a 
125 
13« 
135 
140 
145 
15^ 
155 
im 
165 
17il 
175 
18(1 
185 
ISO 
195 
2mi 
205 
210 
215 
22t| 
225 
23(1 
235 
240 
245 
250 
255 
2 60 
2fc5 



14460 140 I F ( I I Y 3 ? ^ 3 ^ . 2 ) GC TC 153 
14473 W'^ITF(f ^1^2'^'") 
144 3«i F^TOPF 
1449'^ 153 %t5lTT(f J ' ^6 -M) 
14511 f " I T ' ? ( 6 , 1 l"̂ "*̂ ? )̂ 
14511) 16i^ M " ! " ' ^ (C ,1 3 9 A 1 | 
14523 ?-^#D(f^1 ^ 7 - j ) YC-3 
14531 I F ( Y C ' C ^ n . ^ , •̂ ) ;L. TC if^ 
1454.1 I F (YOlc;. L ' " , 1 ^ - 1 5 ^ 0 5 « Y C r G . G T . IFg) 30 19 1 5«) 
14553 1^3 h ' I T ' ( D , 1 1 V ^ A | 
1456^ ~ rAD(u^ l l l ' ^ ^ l ICYCI-^ 
14570 I F ( ICYCLT, IT . I s O U I C Y C I E . 9Ta 5) GCTG 171 
USS*^ i r X ' ' = I M I (AICGI • (Yf^"'G)) 
1459^ CYC? = f C ' 3 / 1 " . • • l E X ' -
Ue^lO CfC3=yLC?T (I3T (CYC3)) 
1461*1 ACYC^=CYn-* 1-^.*»IIX3 
1462CI ISn IT IEE = 6«»/ICYCI? 
14630 DC 2 1 3 K = 3 , ICYCL3-1 PEMC 355 as 
146 4*̂  o rG=cyn~ 
146 5d KGinT=3 
1466"^ ^\K = 1^. 
14671 O'^F^C^ALCG (CYC") -i-AItG (1 •*,) 
14680 193 30 2 3 ^ A L = C : G , 1 A X 
1469<5 ALG'"IC=^ LGG (1 ^ . ) +A1CG (Al) 
147 10 CALL SOI M(ALGTIC,CFEAC^II l IF^aLOG ( 1 3 , ) ^ I E & i ) 
I 4 7 i a ^"CW^^IFCii'^-fl^IEF^K) 
1472« T " L 3 T ( I ' ' u h , 2 ) =KIIC 
14730 I3LCT (TFCM, J) =AI 
1 4 7 4 1 KCIJ!JT=KOONT4-1 
1i|75^"> 2*̂ '*̂  CC!JTINUr 
1476J> 033=1 
147^3 «1AI=CYC-
1478) CFIC^ALCG (CYO^'I 
14790 I F (KOOMT. LT^13) GO TC 190 
14830 2 i r COKTINOB 
1 4 8 1 J CALL L0G3LT (IPLOT,ACYOF,TCYCIE,EAFM,ISP^B^ICCL) 
1492*1 CALL ??N?Lr ( I ?LCT, ITY?F^ACYG? , ICICLE^YSTE? ,TITLE, 

PHNC 
??MC 
FBiC 
PENC 
FEiC 
FENC 
FESC 
PBIC 
FFiC 
PFSC 
r iNc 
EF'iC 
PESC 
PFMC 
FEMC 
PiKC 
IFMC 
PEMC 
t'fiNC 
EBMC 
FP«C 
r l iSC 
PIHC 
FiiNC 
pasc 
E3NC 
EPNC 
F^NC 
EFNC 
fBMC 
FHSC 
FPSC 
p y i c 
PHMC 
ESiC 
PHNC 

K I L a B , I C E ¥ ^ I C O L ) S E i C 

270 
275 
28P 
2 8 5 
290 
2S5 
300 
3 0 5 
310 
315 
32fl 
325 
3 311 
335 
3 W 
3 4 5 
3SP 
355 
360 
3€5 
3?C} 
375 
380 
3 8 5 
39P 
3 9 5 
400 
405 
4 10 
415 
4 20 
425 
4 30 
435 
440 
445 
4511 



14R3°« " "PTU" K 
1 4 B 4 3 1 3 m i FCFHAT 
1 4 B 5 ^ 1i)1<»3 FCCMAT 
1436 '^ 13 23*1 YCZ^f^ 
1 4 8 7 3 M 3 1 3 FCP*!AT 
I 4 a 8 ' f 1«)43»< FC ' IA"^ 
1439^^ 1^51.1 FOFIAT 
149 P.I 1 3 | 6 4 1 FCFHAT 
149 1 ̂  1A 7-^3 F C ^ " ^ ? ! 
1492*^ i n t ^ i r F C ^ A T 
1 4 9 3 0 113930 FCF'^AT 
1 4 9 4 3 1 1 3 i 1 FO-»HAT 
1 4 9 5 ^ 1 1 n*^ F C T I A I 
1496?^ 1 1 2 l« F f l ^ ' A T 
1497A 1 1 3"^! FC^ 3 S T 
1 4 Q 8 a 114<'»3 F C F I A T 
1 4 9 9 3 1 1 5 1 ' ^ FC3?!AT 
151.11* 1 If-^A F O ' l A I 
1531 a 117. '^3 FC^mAT 
1532 3 7 30 
1'^33r S O B ^ r y T I J I F 3 ' t r LT ( I ^ ' IC T , I T YF? , XC-G ^ICYCLS^YSTET , T I T 1 E , K I I A E , 
15343 1 TCOL) 
1̂ -"̂ 3«3 D I 3 E N S I C H T" IC "̂  (6 1 ^ 1 22 ) ^ T I T I 3 ( 5 ) , KYLAE ( 4) 
153 6"^ I F { I C O L . 3 3 . ' 2 " ^ ) GC TC U' 
1 5 3 7 3 « r i T f j - c ^ v , l-'^l^*.^) (TI-^LF ( i ) , 1 = 1 , 4 ) 
ISte-"* y I T E ( I C 3 V , 1'3r'^'») (KYLAF (1) , 1 = 1 , t ) 
1^30fi 3C TC 2*'* 
1513^1 1 4 W r T T E ( T F 7 , r n ' ' ^ ) J T I T L 3 f l ) , 1 = 1 , t ) 
l^^ll"^ « ' I T E ( I D 3 ¥ , 1 3 3 « ' 3 ) (KYI A B ( I ) , 1 = 1 ^ 4) 
1"12s» 23 C C S : f 3 U ? 
1 5 1 3 ^ I F ( I T Y ^ 3 , 3 F , 1) GC -"C 6 3 
1 5 1 4 3 I « L A B = 3 
1 5 1 5 3 YLAB=YCr3+( 12^=YST^'') 
1 5 1 6 3 D^ 5 3 1 = ^ 1 , 1 , - 1 
I'^l'^'"* I F ( M L ? P . ' ^ F , 5 ) GC IC 3"* 
1 3 1 8 3 i : a A 3 = J 
ITig*^ W I T E ( I D E ¥ , 1 '4 »3) Y L : 2 , ( I F I C T ( I ^ J ) , J = 2 , I C O L + 2) 

/ ' TWTEI f - A X I ? lABFL {2'"" CILAEACfSPS HAXXMOS)*) 
4 \ 5 ) 
/» S3T3 : HU^BE! CF COLOgfS FCa ! LOT {62 C^ 120| •) 
13) 
/ ' SMTTF O r r p i J T r F f l C F CITY, DSK, OF L r T ) »} 
a 3) 
/ » FKT33 Y » ^ X I S C P I 3 I S » ) 
G) 
/ I i7,|m£;- Y - \ X I S £ 1 3 ^ S I Z E { U K i r S / 5 LIMES C? PLOT, ») 
« (CaiMCT BE ZEFC) ») 
/ • 3 1 3 3 . ^3*BE'*' CF C Y C I S S I CI LCG ' 'LOT J i m i G E ^ , 1 - 5 | » | 
T l ) 
/ • f J^ ' ?3CC3JI I2E3 I I C T r Y F E | FFEOT IN f i a iM») 
• ^'J L INES GF t l C l ) • ) 
/» ?̂ |"''3 DI5K FILE FOMEFE (7-63)') 
I'') 
/« 3rTk3E»} "138 AID 1EP') 
/ » I'ETMEFF I E - I 5 hnt 1 I 8 « ) 

FBSC 
PBSC 
PIHC 
PENC 
I S i C 
EFMC 
PIMC 
P21C 
EfiMC 
P l I C 
EFIC 
PIMC 
PEHC 
PEKC 
f P i C 
FEiC 
EiMC 
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